Here, we study the negative differential resistance (NDR) of Dirac electrons in biased planer graphene superlattice (PGSL) and investigate the transport characteristics by adopted transfer matrix method (TMM) within Landauer-Buttiker formalism. Our model device is based on one- 
I. INTRODUCTION
Tunneling devices are candidate for new functional devices applicable to novel integrated circuit (IC) technology in so-called "Beyond CMOS" region. Due to negative differential resistance (NDR) properties, tunnel devices show unique characteristics such as lower operating power and high speed, which are the two very substantial requirements of novel microwave amplifier [1] , oscillators [2, 3] , multi-valued memory [4, 5] and so on [6] . During the last decade, graphene has attracted a great deal of interest due to its superior electrical and optical properties [7] [8] [9] which becomes one of the most promising materials for nanoelectronic and nanophotonic devices [10] [11] [12] . However, graphene based structures are good candidates for tunneling devices compared to other conventional semiconductors, owing to adjustable electrical properties such as tunable energy gap and greater carrier density. Interestingly, these novel structures due to possessing higher current density and remarkable interband tunneling are useful structures for NDR based devices. Therefore, NDR features in numerous graphene-based structures have been demonstrated theoretically [13] [14] [15] [16] [17] [18] [19] and observed in experiments [20, 21] . Theoretically it has been shown that an electrostatic superlattice potential changes the electrical and transport properties of graphene [22] . Graphene superlattices (GSLs) (graphene under external periodic potential) have amazing properties; electron beam supercollimation [23] (which has not been observed in the pristine graphene), anisotropic renormalization of the carrier group velocity [24] , extra Dirac points [25] and minibands [26] . In GSLs the interference of the electron wave packet, results in wannier-stark (WS) localized stetes of electron [27, 28] which separated by the Bloch oscillation frequency [29] . With applying sufficiently large bias voltage to the GSL the electronic energy band is tilted which breaks the miniband to WSL and leading to suppressing transmission. Such concept could be beneficial to designing novel NDR based devices.
Moreover, the recognition of transport characterstics in biased GSL is necessary for the development of novel graphene based electronic and photonic devices.
In this work, we investigate the NDR features of an N-periode electrostatic monolayer PGSL with substrate induced uniform Dirac gap and calculate electronic dispersion of PGSL with Kronig-Penny model in details. We consider a linear bias voltage between left and right electrodes and calculate current-voltage (I-V) characteristics within the Landauer-Buttiker formalism. We find that the multi-peak NDR govrened by continual swithing between miniband regime to WSLs regime for high N devices where WSLs are a set of equidistant states which are confined in space [30] . Also, working window of device and additionally value of PVR could be engineered by barrier/well thicknesses, barrier height and Dirac energy gap.
II. MODEL AND METHOD
A schematic sketch of our device is shown in Fig. 1 In the other words, we consider a one-dimensional step-barrier structure in monolayer gapped graphene. The electrostatic potential V(x) is shown in Fig. 1 , which is assumed to be uniform along the y-direction and to vary along the x-direction, resulting in the conservation of the transverse wave vector k y . The p and n region can be realized by adsorbing adatoms on graphene surface. We use Kronig-Penney model for investigation of PGSL performance. In the vicinity of the Dirac points, the GSL electronic structure can be described by the Dirac-like equation. The effective 2D Dirac Hamiltonian for a gapped GSL is written as:
Where ߪ is a vector given by the Pauli matrices ߪ = ሺߪ ௫ , ߪ ௬ ), ߩ = ሺߩ ௫ , ߩ ௬ ) is the in-plane momentum operator, ∆ሺ‫)ݔ‬ is the graphene energy gap, ܸሺ‫)ݔ‬ is position dependent electrostatic potential contains two parts: first, KP potential, V KP that takes as zero in well region and 200meV in barrier region. Second part indicates the external linear potential bias, V b that is taken as, eEx.
One can write: . The solution to
Eq. 1 can be written as [31] : Based on Bloch's theorem, the electronic dispersion for periodic structure, GSL is straightforward to be obtained and the dispersion relation is given by Eq (3):
Where
‚ ݀ ௪ and ݀ are the well and barrier width, respectively. The zero-temperature current is given by [32] 
Where ‫ܫ‬ = 2ܹ݃݁/߭ ி ℎ ଶ ‚ g = 4 is the degeneracy of electron states in graphene. A linear voltage along the x-direction defined as ܸ݁ =ߤ ோ − ߤ and ߤ ோ ሺߤ ) is the bias-dependent local Fermi energy in the drain (source) electrode. T is bias dependent transmission coefficient of whole structure. A detailed study along with derivation of T can be found in our previous work [33] .
III. RESULT AND DESCUSSION
Various design parameters make it possible to engineer the band structures, and subsequently transport properties of GSL. First, we consider the transmission profile of PGSLRTD for different number of N which is depicted in Fig. 2(a) . Number of periods, N, forms N delocalized states and results flat miniband with N-1 spike appeared in transmission profile as can be seen in Fig. 2(a) . In the absence of bias voltage minibands are formed. However, the energy location and the width of the transmission windows are independent of the N. By means of bias voltage from ( Fig. 2(b) ). In the case of (Fig. 3(a) and (b) ). When bias voltage increases, resonant coupling breaks and one cannot observe any tunneling peaks in bias windows, therefore, no NDR appears in these biases. In low bias regime for N=30, miniband transmission is dominant that consequently creates several tunnel peaks as shown in Fig. 3(c) . In fact, increasing interfaces (increasing N) enhances Fabry-Perrot like resonances in PGSL leading to increase the resonant peaks and multi peak NDR for N=30.
In Fig. 4 , we present I-V characteristics of device for different ݀ ௐ with certain value of thin barrier. For wider wells, correspondent current peaks values are smaller than that of thinner wells. Also, the shift of peaks in I-V curve is observed towards larger biases with decreasing well width. This behavior can be attributed by red shifting of resonant energies with increasing well width. In the case of wider wells, lower biases are needed to align the resonant states, so current reach the peak more quickly than that of thinner wells. For thinner wells‚ I-V curve gradient is remarkably big, therefore current peak are greater than those of wider wells. However‚ due to adjacent subbands inside wide wells‚ band to band tunneling is noticeable which increases valley current and extremely decreases PVR. In contrast to this finding, increasing barrier width doesn't change the current trend (not shown here).
Other parameter that influences I-V characteristics in PGSL barrier height that in our work is induce by adatoms create p/n regions (Fig. 1). Fig. 5 depicts the effect of barrier height on I-V curve. It is clear that current peak is decreased by decreasing barrier height. From transmission spectrum it was determined that shorter barrier shift the transmission gap to lower energies, that subsequently weakens the tunneling probabilities results in decreasing the current. Also, from These two latter cases are determinant factors to NDR. Putting graphene on substrate is a simple and powerful way to generate Dirac gap [34] . Hence, in Fig. 6 we show Dirac gap role in NDR mechanism. With modifying Dirac gap value by substrate we found that PVR value of 1.6 at ∆= 0.05 ܸ݁ increases exponentially to value of 20 at ∆= 0.15 ܸ݁ whereas, the position of peak and valley current are nearly fixed in 0.2 V and 0.25 V, respectively. Furthermore, we found that from transmission spectrum this increment in PVR is affected by increasing transmission gap.
IV. CONCLUSION
In summary, we have investigated the influence of structural parameters on transport characteristics of PGSL. It is shown that the NDR behavior strongly dependent on device parameters. Values of 20 obtained for PVR in very low bias regime for ∆=100 meV and ݀ ௐ = 20, ݀ = 10 ݊݉. Our proposed device along with theoretical study pave a novel way in the control of graphene based NDR devices such as resonant tunneling diode and electronic filters. 
